proposed several 0-1 mathematical programming models for problems that arise when creating multiple tests. Armstrong, Jones, & Wu (1992) also generated multiple tests based on item matching, with distances based on either classical item statistics or item response theory parameters. They attempted to generate parallel tests with respect to psychometric and content characteristics.
All of the resulting problems presented by Van der Linden & Boekkooi-Timminga (1988) are NPhard. A problem is NP-hard if there is a nondeterministic polynomial complete (NPcomplete) problem that can be polynomially reduced to it. This implies that, in the worst case, the stated problems are difficult to solve.
Moderate-size practical problems may take excessive computer time. Van 
der Linden and
Boekkooi-Timminga did not provide computational results, but in two related articles that apply 0-1 programming models (Adema & Van der Linden, 1989; Boekkooi-Timminga, 1990 ), some computational information was given. For example, to generate a 20-item test from a 500-item databank on a DEC 2060 using the computer program LANDO (Land & Powell, 1973 )-which uses a branch-and-bound algorithm procedureAdema & Van der Linden noted that &dquo;it takes too much time to find a 0-1 solution&dquo; (p. 284). Boekkooi-Timminga also used LANDO to generate 10-item tests from a 100-item databank. Between 32.7 and 94.7 CPU seconds were required to obtain a 0-1 solution that was not guaranteed to be optimal.
Polynomial algorithms solve problems with solution times that can be expressed as a polynomial in the problem parameters. The notation &reg;(&reg;) is commonly used to denote the order of the polynomial describing the complexity (see Garey & Johnson, 1979, for Shore, 1989) .
Matching Algorithm
To simplify the discussion, n is assumed to be an even value (although n also could be an odd value). The pairwise matching problem is to divide all the items into n/2 groups of 2 in which the sum of the distances between the items in the paired groupings is a minimum. This problem was discussed by Van (Schrage, 1986 ) was used to implement the branch-and-bound method, and an implementation of a special purpose matching algorithm was obtained from Derigs (1988) . The item bank consisted of 510 binary-scored arithmetic reasoning items from the ASVAB (Shore, 1989) . Items to be matched were selected randomly from the item bank for n = 10, 20, ... , 100. Distances were computed as the unweighted Euclidean (Nemhauser & Wolsey, 1988 
